
STRATIGRAPHICS Evaluated Properties Using Global Database 
PROJECT NAME:CPS-EPS Field ExpforatEon 
PROJECT NUMBER:02-120-110 
RZDATE: 7-24-2D02 TIME:I 4;53:33,48 
SOUNDING NUMBEA.CPT-Dl 

Norm 
Cons 

Ib9 

994 9 
202.2 
147 6 
123 2 
79 2 
48 3 
25 9 
157 
3 2 5  
6 13 
9 6 

173 
163 
11 2 
28 B 
32 (1 
33 8 
60 2 
85 5 
87 2 
86 7 
77 6 
18 9 
93 7 
73 4 

158 8 
58 2 
66 1 
76 7 
41 7 
23 8 
24 6 
17 7 
16 0 
1 5 1  
17 9 
31 4 
27 5 
31 1 
38 4 
56 7 
51 8 
52 4 
52 2 
36 2 
39 5 
17 0 
42 9 
59 7 

Averaged 
Friction 

Ratio 

(91 
22 
1.s 
4.0 
4.4 
4.9 
4.3 
4.4 
3.6 
3.6 
4.5 
9.8 
3.6 
5 d 
4.9 
1.9 
1,5 
1.6 
2.0 
1.7  
5.8 
4.9 
s 9 
5.0 
3.8 
3.4 
2.7 
3.5 
4.6 
3 5 
3.0 
2.7 
2.6 
2 0 
2 4 
3.13 
3 2 
4,s 
5.0 
4.4 
4.5 
4.4 
4.7 
5.4 
5.3 
5.0 
4.7 
5.6 
4.9 
5.0 

Generated 
Pore Water EbPil 
Pressure Conduciirnty 

Ikf) (uStcrn) 
Evaluated Soil Type 

-5 Very dense, Grawlly silwsand to clayey gtauelly sand 
-5 V e ~ y  dense. Silty sand to sandy sllt 
-5 Hard Gravelly clayey sand to gravelly sandy silt 
-5 Had, Gravslly sandy clay to gravelly silty clay " 
-5 Vcy strFf. Sandy clay to silty clay " 
-5 Yeiy strfl. Sandy clay to silky clay ' 
-5 Very stiff, Slltyclay to clay ' 
-5 Stiff. SIIW clay to clay' 
5 Stm, Sara clay to clay' 
-5 Firm. Silty clay to clay' 
-5 Firm, Silty clay l o  clay 
-5 Sbff, Sdrg clay to clay ' 
5 SlV, S~ilyclay to  clay ' 
3 Stiff. S~lity clay Zu cloy * 
4 Medbum den-, Silly sand fo sandysrn 
-5 Loose. Srlry sand to sandy sitt 
-5 Medium dense, Slky sand to smdysin 
-5 Cense. Silty sand tc sandy s ~ l t  
+5 Hard, Grwelly sandy clay t5gravelly silty clay " 
-5 Very strll, Sandy clay b 61lty clay" 
-5 Ha:d. Gravelly sandy clay to g:avelly siltyclay" 
-5 Hard. Sandy clay to rd:y ctay " 
-5 Vory s M ,  Sandy clay to sllyclay- 
-5 Hard. Gravelly sahdy clay lu arav6lly sllfyclay 
-5 Hard. Sandy srlt to sandy clay 
-5 Verydeose, Grarelly silty sant to clayey gnveEly sand 
-5 Hard, Sandy clay to sib d a y  
-5 Hard. Grauelly sandy clay ta gravelly silly clay '* 
-5 Hard, Gravelly clayey rand lo gravelly asndy silt 
-5 Verysuff, Sandy silt to sandy clay 
-5 Vew sl~ff. Sandy ctay to sltty clay ' 
-5 Very dlt. Sandy srR to  sandy clay 
-5 Very shfl, Sandy sil l lo clayey silt 
-5 Very surf, Clayey sllt to silty clay 
-5 Shlf. Sandy clay t o  silty d a y "  
-5 Yery stalf. Sandy clay to siltyclay' 
-5 Very staff, S~tty clay to clay ' 
-5 Veryst~ff, S ~ l b  clay to clay' 
-5 Yery stm. Silty clay t o  clay' 
-5 Verystff. Silty clay to clay ' 
-5 Ward, Grave!ly sandy clay to gravallysPty clay " 
-5 Ward, Sandy ctay to silty clay " 
-5 Vcrystrff. Sandy clay tp silw clay" 
-5 Hard, Sandy clay to silty clay " 
-5 Verysliff. Siltyclay to clay ' 
-5 Very shff. Siltyday to clay ' 
-5 V e y  stilt. Sandy clay lo slltyclay '* 
-5 Very slm, Slltyclay to clay * 
-5 Hard. Sandy clay to salty clay "' 

Drained 
Friction 

Ang!e 
(~cQ) 

40-42 
40-42 

Relative 
Densl ty 

(%I 
+loo 

a 1  00 

40-80 
20-40 
40-50 
W-80 

+loo 

* Indicates lightly overconsoIIdated sot{ 
** Indicates heavily overconsolidated or cemented sol1 

MIxed soils containing both granular and fine grained parflcles (e.g. clayey sands) may undergo partial drained fallure during CPT. 
Both undrained and drained pawmeters can be estimated for these soils. 

Undmined 
Shear 

Strength 
Iksis4 

6-72 
5.28 
3.83 
2 87 
2.03 
1-80 
1 28 
0.99 
0.w 
1.80 
1.78 
1.22 

5.09 
3.67 
5 26 
1174 
3.60 
5.83 
4.59 

4.42 
4.35 
5.07 
3.16 
2.28 
2.35 
2.23 
2.w 
1 89 
2 27 
2.46 
2 69 
2.45 
3.05 
4.56 
4.17 
3.52 
4.22 
2.90 
3.19 
3.81 
3.48 
4.09 

Undralned 
Large 
Stram 
Shear 

Strenpb 
(ksr] 

9.10 
a a 
718 
3 04 
2 48 
118 
0 74 
0 76 
0 72 
1 06 
1 61 
1.49 

7 64 
7.88 
7 37 
7 33 
6 1 2  
5.39 
9.20 

8 70 
5 66 
177 
3 90 
1 SB 
1 2 3  
0 85 
0 82 
1 04 
1.57 
2 81 
2 95 
3 15 
4 29 
4 88 
5 12 
5.E4 
5 50 
4 38 
4 70 
554 
4 92 
7 48 

SPT 
(N) 

t 02 
39 - 65 

+ 68 
+ 71 

4 4 - 7 2  
15-22 
11 - 15 
03 - 05 
M-D5 
03 - 05 
02 - 03 
04-DB 
05 - 08 
03. (15 
05 - 09 
05-W 
05 - 09 
1 3 - 1 8  
54 - 88 
55 . $J 
55 - 81 
56 - 92 
28 - 37 
58 - 03 
38 - 57 
57 -95 
1 9 - 2 9  
59 - 58 
38 - 55 
15-20 
06-10 
06-10 
04 -06 
0 4  - Ob 
04 - 08 
04 - 06 
15 -20 
15 -20 
15-20  
21 - 31 
41 - f12 
31 - 4 1  
41 - 62 
41 - 62 
21 -31 
21 - 31 
42 - 63 
31 - 42 
42 - 6'3 
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NORM 
SPT 
(N1.) 

f1W 
60 - 99 

4 loti 
-100 
60-99 
20 - 30 
15-20 
04 - 06 
04 - 05 
04 - 06 
02 - 04 
06- 10 
08-10 
04 - 06 
06-10 
06-10 
W-  10 
1 5 - 2 0  
60 - 93 
60 - 99 
60 - 99 
60.99 
30-40 
60-99 
40 - 60 
60 - 9A 
20 - 30 
4 0 - G O  
40 - 00 
15 -20  
0 6 - 1 0  
CI6-10 
04.06 
04 - G6 
04 * 08 
04 - 06 
1 5 - 2 0  
15.20 
15-20 
26 .26  
6 0 -  60. 
30 - 4 0  
40.60 
40 - $0 
20 - 20 
2D-30 
40 - 80 
30.40 
40-60 

Structure rate of loading should be considered in choosing whlch strength parameters to use for design. 
Drained and undraihed parameters must not be cornbind as such combination will ;result in significant overprediclion of in situ shear strength. 
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Depth 
Ift) 

25.5 
2 6 0  
26.5 
27.0 

STRATIGRAPHICS Evaluated Properties Using Global Database 
PROJECT NAME:CPS-EP S Field Exploration 
PROJECT MUMBER:02-120-110 
R2QATE: 7-24-2002 TIME: Z4:53:33.4 
SOUNDING NCIMBER:CPT-01 

Cone 
(bt) 

Avoregod 
Norm Friction 
Cone Fiiclion Ratio 

(ts4 I t  $0 (%I 
79.0 4 99 4.9 
80.4 4.77 4.6 
08,g 5.21 4.9 
78.2 4.61 4.9 
58.9 3.69 4.7 
44.8 2.93 5.6 
44.4 2.50 5.3 
44.2 2.54 5.6 
41.3 2.12 6 7  
32.5 2.13 5.4 
27.8 1.49 4.7 
21.2 1.11 4.3 
t7.1 0.93 4.6 
16.7 0.97 5-17 
19.3 1.16 4.4 
26.4 1.28 4.7 
14.5 0.95 4.4 
10.4 0.73 4.8 
10.5 0.68 '5.1 
11.9 0.69 5.4 
10.5 0.60 4.8 
?O,l 0.59 4.9 
I 0  9 0.60 5.0 
11.6 0.07 5.0 
12.9 0.70 4.5 
15.0 0 69 4.U 
12.7 0.53 3.5 
12.7 0.56 3.0 
18.3 0.64 3.3 
22.8 1.10 3.6 
32.2 1.77 4.4 
41 ,a 2-09 4.9 
27.5 1,67 d.1 
36.9 1.78 4.2 
38.5 r .es 3.9 
36.3 1,75 4.3 

Genemfcd 
Pore Water Soil 

Pressure Canduetiuity 
(&'I ( v s m )  

0.1 .5 
-0.1 -5 
-0.1 -5 
a.2 -5 
*0.2 -5 
4.2 "5 
-0.2 .5 
.o.2 -5 
-0.2 -5 
-0.2 -5 
-0.2 -5 
-0.2 .5 
-00 -5 
0 5  -5 
D.6 -5 
0.7 -5 
07 5 
5.1 -5 
2.0 -9 
4.6 -5 
4.9: -5 
5.2 -5 
5.4 -5 
6.0 5 
7.4 -5 
4 Q -5 
7.2 -5 
& 6 -5 
8 6 -5 

10.0 -5 
10.2 -5 
11 4 5 
3.4 -5 
3.B -5 
3.7 -5 
2.6 -5 
2.4 -5 
2.6 .5 
D8 -5 
1.4 -5 
2.0 -5 
2.1 .5 
2.2 5 
2.4 -5 
3.0 -5 
3.2 -5 
3.4 -5 

Evaluated Snil Type 

Hard. Sandy clay to silty clay" 
Hard, Gravelly sandy clayta gravelly sllty clay " 
Hard. Gravelly sandy clay to gravelly silly clay " 
Hard. Sandy clay to s i w  clay " 
Hard. Sandy clay lo s~tfy clay +' 
Very st~ff. Sandy clay to silty clay " 
Very sMf. Sandy clay to silty clay " 
Very s M .  Sandy clay to slttyclay " 
Very sun. 51Ity clay to clay ' 
Very sbff. S~f ly  clay t o  clay ' 
Yerysbff, S~ttyclayto claya 
Vehy sl~ff. S~lty clay to clay- 
Vey~siiff, S~ltyclay fa clay' 
Very 5t1ff. Slfty clay to clay ' 
Stlfi, Sr[vc!ay lo clay ' 
Vewsbff, S~lty clay to clay' 
Strff StKy clay la clay ' 
St~ff. SLIQ clay t? clay ' 
Sl~ff. S~ l ty  clayta clay' 
Sriff. SllV clayto clay ' 
St~ff. Sltty clay to c lay '  
StlA, 51lty clay to clay'  
Stdf. S1lty clay to cloy - 
Stllf, Sdlty clay lo clay ' 
Svlf. 811ty clay to clay ' 
Strff, Srlw clay ta clayt 
f lr lf .  Sdry slay lo clay * 
Slrff, Siliy clay to clay * 
sttf, Bandy clay to srl(yclay' 
Very st~ff. Sandy day to srlty clay' 
Vcry st~ft. Silty clay to ctay ' 
Very st~ff. S~Ivc lay  to clay' 
Very s t ~ j l .  S~Irfclay to clay - 
Very stqff Sjlty clay to clay ' 
Verystrlf. Sandy clay ta s11ly clay * 
Verystmff, S~liyclay to clay ' 
Verysttlf SllV clay to clay ' 
Verystrlf. Sandy srlt to sandy clay 
Hard, Grawlly sandy clay tc gravelly slny ctay" 
Very slrff. Sandy stFt lo sandy clay 
Very st~lf. Srlty clay to clay' 
Very strff. S11l-y clay to clay' 
VcwstrH. S~l ly clay to clay - 
Very strfl, Sandy clay to slltyclay ' 
Very st~fl, Sllry clay la clay 
Verystrfl. Sltty ciay to clay 
Very strft. Sllrf clay to clay ' 
Very shtt. Salty clay to clay ' 
Very stuH Sandy clay to silly dry " 
Verystdf 5ilv clay to clay ' 

Dmlned 
Friction Relatiw 

Angle Densfly Nc 
( d d  (K) 

Undrained 
Shear 

Shhgth 
Ihf) 

5.45 
6.27 
6.88 
5 50 
4.07 
3 69 
3.66 
3.66 
3.41 
2.6G 
2.82 
2.1 1 
2 23 
2.17 
1.92 
2.09 
1.85 
1.26 
1.26 
1.47 
1.26 
1.21 
1.23 
1.42 
1.62 
1.93 
1.58 
1.59 
1.84 
'2.D 
2.71 
3-59 
2.87 
3 15 
3.12 
3.11 
2.59 
3.47 
5.78 
3.45 
2.76 
2.52 
2 2 3  
217 
2.58 
2 07 
2.17 
3.01 
3 9;) 
3.15 

lndlcates tightly overconsotidated soil 
" Indicates heavily overconsolidated or cemented soil 

Mixed  so.lls containing both granular and fine grained particlm (e.g. clayey sands] may undergo partial drained fai lure during CPT 
Both undrained and drained parameters can be estimated for these soi[s. 

Structure rate of load ing should be considered In choos ing  w h i c h  s t rength parameters to use for design. 
Drained and undralned parameters must not be combined as such combination will resuR in significant overprediction of in sku shear strength. 

Jndrained 
Large 
Strain 
Shear 

Strength 
(W 

8.77 
g.54 
10 41 
8.23 
7.39 
5.86 
5.00 
5.08 
4.24 
4.20 
2.88 
2.22 
1.87 
7.34 
2.33 
2.56 
-I 3 1  
3 46 
1.32 
1.38 
1.20 
1.18 
1.19 
1.34 
1.39 
1 38 
1 .OD 
7.13 
1.27 
2.20 
3.55 
4.18 
3.34 
3.56 
3 37 
3.51 
2.76 
4.54 
6.45 
3.30 
2.83 
1.94 
1.93 
1.42 
1.80 
1.40 
1.85 
3.33 
5.23 
4.1 4 

Svr 
(NJ 

83 - 104 
63 - 105 

+ 106 
84 - 105 
43 - 64 
4 3 - 6 4  
32- 43 
22-43 
22 - 32 
22-32 
16-22 
11 *1u  
07-11 
07-11 
07.11 
16 - 22 
07-11 
04-07 
@4 O4 07 
07-11 
04-07 
04  -07 
04 -07 
04 - 07 
04-07 
07-17 
04 - 07 
04 - 07 
05 - 07 
07-17 
17-23 
23.34 
71 .17 
23 - 34 
17-23 
33 - 34 
I 1  -17 
11 - 17 
46.69 
17.23 
12-37 
07 - 12 
72-77 
05-07 
12-17  
05-07 
05-07 
28-23 
35.47 
16-23 
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NORM 
svr 
IN17 

6[) - 99 
60 - 99 
+ lOD 

60 - Qg 
40 60 
40.60 
30 - 40 
30.40 
20 - 30 
20 - 30 
15-20 
10-  15 
0 6 - 7 0  
06-10 
mi-10 
r5 - 20 
06.10 
04 - or5 
04 - 06 
0 6 - 1 0  
04 - 06 
0 4  -06 
04 - 06 
Q4 - 06 
04 - 08 
05-10 
04 - 08 
04 - 00 
04 -06 
08- I D  
15 - 20 
20-30 
10-15 
20-30 
15.20 
20 - 30 
10-15 
1 0 - 1 5  
40-60 
1 5 - 2 0  
10-15 
06-10 
10.15 
04 - Of3 
10-15 
04 * 06 
04 - 06 
15- 2D 
SO - 40 
15 -20  
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STRA TIGR APHIS  Evaluated Praperfies Using Global Database 
PROJECT NAME:CPS-EPS Field Exploration 
PROJECT NVMBER:O2-120-110 
R2DATE: 7-24-2002 TIME:I 4:53:33.48 
SOUNDtNG NUMBER:CPT-01 
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Undrnlned 
Lnrge 
Sln in  
Shear 

Strength 
[ks? 

Norm 
Cone 
(154 

24.11 
18.3 
14.3 
39 8 
36.4 

111.2 
20.9 
94.8 
911.0 
83.2 

124.0 
106.6 
57 8 
58.5 
72.8 

7553 
1205 

48.7 
63.6 

164.9 
171.3 
165.1 
217.9 
162.1 
109.1 
72.3 
d0.8 
46.2 
39.8 
38.3 
57.5 

105.4 
36.4 
F4.O 
46.4 
46 2 
30.7 
39 4 
34.4 
36.5 
61.1 
81.4 
53 5 
66.4 

178.4 
242.9 
318.2 
321.0 
308 2 
228.6 

Averagcd 
Friction 

Friction Ratlo 
Ibl) (5) 

1.48 4.8 
0 95 3 2 
0.W 3.6 
1.69 4.4 
3.45 2.8 
5.77 4 5 
2.67 3.9 
3.49 3.11 
C1.63 5.7 
7.25 6.5 
7.85 4.9 
9.79 6.1 
d 99 5.3 
4.60 5.5 
7 08 5.5 

Generated 
Porw Watcr Soil 

Piessure Conduchty 
(brl [usltrn] 

4.4 -5 
4 5 -5 
5 3 .5 
4.5 -5 
3.8 -5 

-0.6 -5 
-0.6 -5 
-0.6 .5 
-0 5 -5 
-0 5 -5 
4 5 -5 
-6 4 -5 
-a3 5 
-0 3 -5 
-0.3 -5 

Dtained 
Friction Relative 

Angle Densky 
(deal t"4 

UhdEoTned 
Shear 

Strength 
( k ~ 9  

NORM 
SPT Evaluated Soil Type Depth 

( tt] 

50.5 
51 .O 
57.5 
52.0 
52.5 
53.0 
53.5 
5 4 0  
5 4  5 
55 0 
55.5 
560  
SF.5 
97.0 
57.5 
58.0 
58.5 
59.0 
69.5 
60.0 
60.5 
61 .O 
61 -5 

Cone 
[t59 

VeryatiK, Siltyclay to clay' 
Very stfl? Sandy clay to s~fly clay - 
SbW, Sdty clay ta clay ' 
Verystiff. Srlty clay b clay ' 
Very stlW, Sandy silt to sandy clay 
Hard. Gravelly sandy clay to gravelly sllty day " 
Vnry stiff. S~lty clay to clay ' 
Hard. Sandy s ~ l l  to sandy clay 
Hard. Sandy clay to s~ l ty  clay" 
Hard. Sandy clay to s~ l ty  day 
Hard, Gravelly sandy clay to gravelly s~lty day " 
Hard, Sandy ctay to s~ l ty  clay" 
Hard. Sandy clay to s~lty clay " 
Hard. Sandy clay to s~ l ty  clay '* 
Hard, Sandy c t a y t u s ~ l p  day" 
Ward. Hardpan lo weak rock 
Hard. Hardpan towrmk msjc 
Hard. Sandy clay to silty clay' 
Hard. Gravelly sandy clay to ghvt l ly  siltyclay '' 
Hard, Gravelly sandy clay ta hardpan " 
Hard, Gravelly sandy clay to hardpan " 
Hard, Gravelly sandy clay fd hardpan " 
Hard. Gravelly clayey sand tn gmvelly sandy silt 
Hard. Gravelly claycy sand lo graverly sandy silt 
Hard. Grawlly clayey sand to grwellysandy silt 
Hard. Sandy clay to s~Hy clay '' 
Vcry stllf, Sandy clay to silty clay ' 
Hard. S a n d y  clay 10 s~l ty clay ' 
Very stff. Sandy clay to sllty chy ' 
VerystW. Sandy clay lo srlty clay - 
Hard, Sandy slit to sandy clay 
Hard, Gnvelty sandy clay to gradly siwclay" 
VerystrA. Sandysrlt to sandy cfay 
Hard. Sandy c[ay to silty clay " 
Hard, Sandy ctay to salty clay ' 
Hard, Sandy clayto srltyclay ' 
Very sCH. Sandy cfay to s ~ l t y d a y  ' 
Vcryrtiff. Sandy clay to s ~ t l y d a y  " 
Verysllff, Sandy ctay to s~l tyc lay ' 
Very saff, Sandy clay to srltyclay ' 
Hard, Sandy clay to silw ctay " 
Haid. Sandy clay to silty clay '' 
Hard, Sandy clay to s~[ly. clay " 
Hard, Sandy s~l t  to sandy clay 
Very dense. Gravelly siitysand to clayey gmvelly sand 
Yerydsnse. Gravelly silty sand to clayey gravelly sand 
Very dense. Gravelly s~ t~ ,~sand to clayeygravelly sand 
Very dense. Sandy grave[ to silty oravelly sand 
Very dense, Sandy graw[ta SIP gravelly sand 
Dense. Sand to s~tty tynd 

+ Ind~cates lightly uverconsolidated soil 
*' Indicates heavily overconsolidated or cement& soil 

Mixed soils containing both granular and fine grained particles (e.g. dayey sands} may undergo partial drained failure during CPT. 
Both undrained and drained parameters mn be estimated for these solls. 

Structure rate or loading should be considered in choosing which strength parameters to use for design. 
Drained and undrained parameters must no1 be combined as such combination wI11 result in significant overprediction nf in situ shearstrength. 
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STR.4 TIGRAPHICS Evaluated Properties Using Global Database 
PROJECT NAME:CP S-EPS Field Exploration 
PROJECT NWMBER:02-120-110 
RZDATE: 7-24-2002 TIME.14:53:33.48 
SOUNDING NUMBERlCPT-01 

Norm 
Depth Cone Cone Friction 

rn) IW (1511 M 

Averaged Generated 
Friction Pare Water Soil 

Ratio Pressure Conductivity 
[%I P r )  (uSlcm) 

Evaluated Soil Type 

2.7 0.3 -5 Hard, Sandy silt tosandyday 
3.5 0 4 5 Hard. Sandy clay to s~ltycley ' 
3.3 0 4 -5  Hard. Sandy slit b a n d y  clay 
2.6 0 4 -5 Very dense. S~lty sand tosandy silt 
2 8 o 3 -5 vev denst, Gravelly silty sand ta clayey gravelly sand 

Undnined 
Large 

Drained Lhdrakned Stmn 
Fnclian Relatrve Shear Shear NORM 

Angle Density Nc Strcngth Stremglh SPT SPT 
(degJ Wj (&(Sf) iksf) (N) P1') 

* Indicates lightly overconsolidated soil 
*' Indicates heavily overmnsofidated or cemented sail 

Mixed soils containing both granular and fine grained particles (e.g. clayey sands) may undergo partial drained failure during CPT 
Both undmined and drained parameters can be estimated for these soils. 

Structure rate of loading should be considered In chooslng whlch strength parameters to use for design. 
Drained and undrained parameters must not be comblned as such combination will result in significant overprediction of in situ shear strength. 

Page 4 
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CPTU-S LOG 

Interval S-wave Velocity 
(Wsec) 

PROJEg NAME:CPS-EPS Reld Exploralion S TRA TIGRAPHECS RZOATE: 7-24-;rW2 TIME.12.30.47.85 
PROJECT NUMBER.02-120-110 SOUNDLNG NUM6ER:CPT-M 
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STRA TlERAPHlCS Evaluated Properties Using Global Da fabase 
PROJECT NAME:CPS-EPS Field Exploration 
PROJECT NUMBER102-720-110 
R2DATE: 7-24-2002 TlME.12:30:47.85 
SOUNDING NUMBER:CPT-02 

Depth 
(fi) 

Cone 
Pr) 

166.1 
t49.5 
128 6 

4 7  2 
39 0 
27.3 
17 8 
20 8 
22.6 
25.2 
30 9 
20 8 
1 7 2  
17.6 
18 1 
17.9 
14.6 
15.3 
60 5 

123 5 
125 1 
108.4 
167.4 
I n.s 
ZD6.6 
232 5 

Notm 
Cone 
IW 

Averaged 
FriEtion 

Ratio 
($1 

3.4 
1.4 
1.2 
3.1 
4.3 
3.6 
3.8 
4.1 
3 8 
3.2 
3.2 
4.0 
3 8 
3.9 
3.0 
3.4 
3.5 
2.3 
2.7 
4.2 
4.7 
d.3 
3.8 
3.8 
3.8 
3.8 

' 3.5 
3, t 
3.7 
4.1 
5.1 
3.7 
4.4 
5.2 
4.2 
5.3 
4.7 
5.1 
5.1 
5.4 
3.1 
1.7 
2.2 
2.4 
1 .Q 
2.1 
2.2 
2.9 
3.3 

Gensmted 
Pore Watcr Soil 

Pressure Conductrvity 
(ISr) [usfcm) 

0.1 .5 
0.1 -5 
0.1 -5 
0.1 -5 
ao -5 
0.1 .5 
0.4 -5 
2 9 .5 
4.6 5 
7.2 5 
8. b 5 
1 .o -5 
3.1 5 
3.7 -5 
3.9 -5 
1.3 -5 
5.0 5 
6 2 -5 
3.0 -5 
-0.7 -5 
-0 7 -5 
4.7 -5 
4. R -5 

6 -5 
-0.8 -5 
-1.0 -5 
-3 0 -5 
- i . O  -5 
-7.0 -5 
-0.9 -5 
-0.n -5 
-0.9 -5 
-0 8 -5 
-0 3 -5 
0 4 -5 

4.9 -5 
-0.7 -5 
-0.8 5 
0.4 5 
5 0 -5 
9 P -5 
0 7 -5 
4 8 -5 
4 7 -5 
-0 6 -5 
-0.7 -5 
4 7 -5 
-0 6 -5 
0 5 -5 

Evaluated SOB Type 

Very dense, Sand to silty sand 
Dense. Sand to sllty =and 
Denro, Sand to silty sand 
Very stiff. Sandy silt to sandy clay 
Very dH, Sandy clay to siltyclay 
Very stn7. Sondy clay to slfly clay 
St~lf. Sbtey c13y td day " 
Very sttil. Srltfclay to clay ' 
Very sMf. Sandy clay to siny clay 
Very shif. Sandy clay to siKy clay" 
Very sl~ff. Sandy clay ta s i p  clay ' 
V e v  sbtl. 51Ry clay to clay ' 
Shtf, S~tty clay b clay' 
St~lf. Srlty clay to clay' 
Strlf, Silty clayto clay' 
Stff, Sandy clay t o  si? cloy ' 
Sttf, atty clay to clay 
Strff. Sandy s~tt  to Mndy clay 
Hard, Sandy s~lt to s n d y  clay 
Hard. Gravelly sandy clay to gravelly silwclay " 
Hard. Gmvelly saody clay to gravelly stky clay" 
Hard, Gmvelly sandy clay to gravellystpclay" 
Hard, Gravelly clayey sand to gravelly sandy s~ l t  
Hard, Gravelly clayey sand to gravelly sandyslk 
Hard, Grawlly clayey sand to gravelly sandy sllt 
Hard, Gravelly clayey sand t3 gnvetly sandy silt 
Hard, Gravellyclayey sand b gravelly sandy s~ f t  
Very dense. Gravelly rulty sand to clayey gravelly sand 
Hard, Grsvelly clayey sand to grawl[y sandy slit 
Hard. Gravelly sandy clay to gravelly siltyclay " 
Hard. Sandy day to silty clay " 
Hard. Sandy clay lo silly clay ' 
Vev staff, Silty ciay to day ' 
Very stnf, Sandy clay to silty clay '- 
Very st~lf. Sandy day to silty clay ' 
Hard, Sandy clay to silty clay " 
Hard, Sandy clay to srlyclay 
Hard, Sandy clay to silty clay " 
Verysl~ff, S~IFyclay ta clay ' 
Verysha, Sandy clay t o  s~lty clay" 
Hard, Sandy s~ l l  to sandy clay 
Vory dense. Sandy gravel b riftygravalty sand 
Verydense, Sandy grauel +.a srfty gravelly sand 
Very dense. Giawlly silty sand to clayey gravelly sand 
Ver j  dense. Sandy Gravel to srKygravetlysand 
Very dense. Sandy gravel to s~ltygravelly sand 
Very dense, Grawlly 5lIb sand to clayey gravelly sand 
Very dense,  Gravelly s~lty sand to clayey gravelly sand 
Hard. Gravel!y clayey sand to gravelly sandy s ~ l t  

Drained 
Frictron 

Angle 
Weg) 

42-48 
42-46 
42-46 

36-37 

4246 
40-42 
4@42 
42-46 
40-42 
40.42 
37-40 

Undninod 
Shear 

SrengIh 
(LQ 

3.77 
3.11 
2.37 
3.76 
2.05 
2-23 
2.48 
2.44 
2.04 
1.67 
I .72 
1.76 
1.74 
7.07 
1.97 
a.79 
7.45 
7.54 
6.53 
8-89 

10.74 
12.47 
14.04 
13.30 

8.28 
6.16 
4.96 
4.77 
2.66 
3.81 
3.56 
4.13 
4-19 
6.35 
3.dl 
3.63 
d.12 

8.93 

' Indicates lightly overcunsolidated sol1 
** Indicates heavily overconsolidated or cemented soil 

Mixed soits containing both granular and fine grained particles (e.g, clayey sands) may undergo partial drained failure during CPT, 
Both undrained and drained parameters can be estimated for these soils. 

Structure rate of loading should be considered in choosing which Strength parameters to use for design. 
Drained and undmined parameters must not be combined as such combination will result in significant overprediction of in situ shear strength. 

Undmined 
Large 
Strain 
Shear 

Strength 
Wr) 

5.15 
3,OO 
2.27 
1.88 
1.77 
1,70 
1.78 
7.72 
2.01 
1.40 
7.46 
1.14 
1.28 
1.07 
1.29 
5.50 

10.42 
13.62 
10.48 
12.18 
24.76 
16,89 
16.81 
15.40 

12.24 
0.18 
7.93 
5,at 
4 1 2  
4.64 
5-00 
6 75 
7.80 
8.25 
6.36 
5.40 
8-42 

15.67 
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NORM 
5P'I 
tN1') 

60-99 
60-99 
40 - 60 
30 - LO 
30- A0 
15-20 
10-15 
10-15 
10-15 
10-15 
15-20 
1U- 15 
06-10 
06- l a  
06- 10 
06-10 
04 - 06 
04 - 06 
20.30 
+ 100 
+ lM. 
+ ?M 
+ l W  
* 1M 
+ 1 M  
4- 100 
+ ioa  
+ 1-50 
+ l W  
63 - BB 
60 - 99 
3Q - 40 
20 - 30 
43-60 
29-30 
42 - 60 
40-60 
+ 100 
3(] - 10 
40 - 60 
20 - 30 
+ 100 
+ 100 
+ 100 
+ 100 
t 100 
+ 700 
+ 100 
+ 100 
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STRA TIG RAP- Evaluated Properties Using Global Database 
PROJECT NAME:CPS-EPS Field Exploration 
PROJECT NUMBER:02-120-110 
R20ATE: 7-24-2002 TIME: 1 2~30.47.85 
SOUNDING NUM3ER:CPT-02 

Depth 
14 

25.5 
28.0 
26.5 
27.0 
27.5 
26.0 
28.5 
29.0 
29.5 
50.0 
30.5 
31.0 
3? .5 
32 0 
32.5 
33.0 
33.5 
34 .o 
34.5 
35.0 
355  
56.0 
36.5 
37.0 
37.5 
38.0 
38.5 
3LI.O 
39.5 
40.0 
40.5 
4 1  .O 
41.5 
42.0 
42.5 
43.0 
43.5 
44.0 
44.5 
45 .o 
45.5 
40.0 
45.5 
47.0 
47.5 
480 
48.5 
4B.O 
4 9  5 
50.0 

cone 
($60 

181.3 
.tot -8 
81.7 
1m.7 
135.4 
62.1 
63.3 
98.B 
66.5 
71.3 
68.2 

202.0 
93.3 
57.3 
69.1 
43.7 
37.3 
40.1 
41.0 
33.1 
29.0 
21.2 
21.1 
18.7 
16.4 
16.7 
20.8 
89.7 
89.7 
38.8 
60.0 
42.5 
22.5 
72.6 
25.9 
24.0 
1 9.9 
18.5 
17.8 
16.9 
20.5 
21.7 
21.7 
27.4 
34.0 
37.2 
31.5 
26 0 
n . 5  
11.7 

Norm 
Cone 

(IsTj 

172.0 
96.1 
77.1 
157.0 
127.1 
58.2 
59.2 
62.1 
61.8 
66 1 
64.0 

186.4 
85.9 
52.8 
63.3 
10.0 
34.1 
36.5 
37.2 
30.D 
26.2 
19.2 
190 
l G . O  
14.7 
15.0 
16 5 
W.8 
61.9 
34.4 
53.0 
57.5 
19 8 
10.0 
22 7 
21.0 
77.4 
16.2 
75.5 
1 4  7 
17.8 
18 8 
10.7 
3 . 6  
29 2 
31.9 
27 0 
az.2 
1#,2 
10.0 

Aweragad 
Friction 

Ratio 

(%I 
3.6 
3.0 
2.9 
3.9 
2.a 
3.1 
3.0 
4 2 
3.4 
3.9 
3, l  
3.4 
3.4 
3.7 
4.2 
4.7 
5.1 
&,a 
3.5 
4.6 
4.5 
4.6 
4.6 
3.8 
4.5 
4.5 
2,Q 
3.0 
2.8 
38 
3.5 
3 6 
2 7 
3.4 
3.2 
3.5 
3.9 
4.1, 
3.8 
3.6 
3 6 
4 3 
3.6 
4 8 
5 7 
5 2 
5.5 
5.6 
4.3 
3.1 

Generated 
Pore Water 

Pressure C 
050 

-0.2 
-0.4 
4.8 
0.6 

-0.2 
3.5 
8.4 
.n.5 
5.1 
3.6 
1 .o 
.0.2 
-0.3 
4.2 
0.2 
4.2 
6.5 
4.0 
2.7 
2.0 
2.9 
4.8 
4.3 
8.0 
8.6 
8.7 

30.8 
5.6 
0.9 
4.2 
0.2 
0.9 
6.1 
7.7 
5.7 
4.8 
9.8 

11.6 
12.0 
11.0 
8.0 
7.1 

10.4 
8.8 
2.5 
1.4 
2.9 
5.4 
7.2 

10.t 

Soil 
:onducl~dy 

(uSlcm) 

-5 
.5 
.5 
5 
-5 
5 
5 
.5 
-5 
-5 
-5 
-5 
-5 
-5 
-5 
-5 
-5 
-5 
-5 
.5 
-5 
-5 
-5 
-5 
5 
-5 
-5 
-5 
-5 
-5 
-5 
5 
.5 
-5 
-5 
5 
5 
-5 
5 
-5 
-5 
3 
-5 
-5 
-5 
-5 
-5 
-5 
-5 
-5 

Evaluated Soil Ty pe 

Ward, Gravalty chyey sandto gravelly randy f t 
nard. Sandy silt to sandy clay 
Hard. Sandy Silt tb sbhdy Clay 
Hard. Gravelly clayey sand t o  gravelly sandysik 
Vsry dense. Gravelly s~t ty  sand to clayeygravelty sand 
Hard, Sandy srlt to sandy clay 
Hard, Sandy silt to sandy cloy 
Hard. Gravelly sandy clay to gravelly slltyclay " 
Hard. Sandy SIK tosand{ clay 
Hard, Gravelly mndy clay to gravelly silbclay " 
Hard. Sandy s~ t l t o  sandy clay 
Hard, Gravekly clayey sand to gravelly sandy silt 
Hard. Gravetly clayey sand ta  gravelly sandy silt 
Hard. Sandy clay to silryclay ' 
Hard. Gravclly sandy clay togravelly slltyclay " 
Very st19. Silty clay lo clay ' 
Very strK, Silty cl3yfo clay * 
Vcry slblf. Slity day  to clay' 
Vcry sbff, Sandy clay to $113. cky ' 
Very s t r f f ,  Sllbclay to clay' 
Vev sl~ff, SllQ clay b clay ' 
Sofl. Sjltyclay to clay ' 
St~ft, Siltfclay lo clay' 
Vcly stiff. Silty clny ta clay * 
Strfl. S~lry clay to clay' 
ShR. SII@ clay to clay. 
Verysmf, Sandy clay b siltycfay' 
Hard, Sandy sllt to sandy clay 
Hard. Sandy slit Eo sandy clay 
VerysbK, Sandy clay to siltyelay' 
Hard. Sandy clay lo siltyclay ' 
Vary st*, Sandy clay tu siltyday ' 
Very dff, Sandy clay to r~ltyday ' 
Vcry strlt, Sandy clay b silly clay ' 
Verj  strff. Sandy clay to srltyclsy 
Vev stiff, Sandy day  to crltyday ' 
Very stlfl. S~lry clay to clay' 
V e y  st~ff, S~lty clay to clay ' 
Very st~ff, 9rtty clay to clay' 
St~ff, S~ltyclay lo clay ' 
Verl st~ff, S~lty clay to clay ' 
Vory stiif. 511ty clay to clay' 
Very stiff. S~lty clay to clay ' 
Ver{ stlff. Silty clay to clay ' 
Vew stdf. S~lty clay to clay ' 
V e y  stiff, Silty clay to clay ' 
Very strlf. S~bj  clay to ctay. 
Very stdf. S~lty clay ko clay ' 
3 1 R ,  51kyclay to day '  
Strff, Silty clay to clay 

Wndralned 
Large 

Drained hlndnined Stram 
Fnct~on Relative Shear Shear NORM 

Angle Density Nc $frength Strenglh SPT SPT 
K'w (%I P51) pt=9 IN) (N17 

* Indicates lightly overmnsnltdated soiF 
" Indicates heavily overconsoiidated or cemented sail 

Mixed soils containing both granular and fine grained particles (kg. clayey sands) may undergo partial drained failureduring CPT 
Both undrained and drained parameters can be estimated for these soils. 

Structure rate of loading should be considered in choosTng which strength parameters to use for design. 
Drained and undrained parameters must not be cornb~ned as such combination will result in significant averprediction of in slu shear strength. 
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STRA TEGRA PHICS Evaluated Properfies Using Global Database 
PROJECT NAME:CPS-EPS Field Exptoration 
PROJECT NUMBER102-120-110 
R2DATE: 7-24-2082 TIME:12.30:47.85 
SOUNDING MUMBER:CPT-O2 

Norm 
Averaged Generated 

Fricfion Pore Watar Soil 
Depth Cone Cone Fdction Ratio Pmssurs Conductivity 

IW Itsf) (M (5) fis9 ( u s m l  

Eualuated Soil Typ@ 

50 5 25 0 21 3 0 89 2.4 70 0 +$ V o y  sbff, Sandy 61ttio sandy clay 

51 .O 59 4 50 4 1 61 3 3 -0 2 -5 Hard. Sandy clay tn rrltf clay " 
51.5 50 2 62 5 1.93 3 0 0 4 -5 Very still, Sandy sllt to sandy clay 
5 2 0  158 0 '133 7 7 53 3 4 -0 1 -5 Hard. Gfavelly clayey sand :D gravelly sandy silt 
52.5 21E6 184 5 6 82 4 1 -0 5 -5 Hard. Gravelly clayey sand to gravelly sandy silt 
53.0 1369 1153 10.51 5 9 0 3 -5 Hard, Sandy clay to srlty cloy *' 
53 5 2c04 mz a ~ s s n  4 9 1 3  -5 Hard, Gravelly sandy cloy to hardpan " 
540 2633 2378 3 4 6 9  5 4 .O 1 .5 Hard. Gravelly sandy clay Lo hardpan" 
5 4 5  2665 2250 1854  6 2 0 9 -5 Hard. Hardpan lo  weak rock 
5 5 0  3197 267.6 1581 4 3 1.2 -5 Hard. Gravelly clayey sand lo gravolly sandy clay 

Undraincd 
La rgr 

Drained Undw~ned Straln 
Fr~ctisn Relatun Shear Shcar 

Angle Density Nc Slrength Strongth SPT 
weg) (%I (br) (kso (N) 

* Indicates tightly averconsolidated soil 
** lndlcates heavily overconsolidated or cemented soil 

M i e d  soils containing both granular and fine grained particles (e.g. clayey sands) may undergo partial drained failure during CPT. 
Both undrained and drained para mete^ can be estimated for these soils. 

Structure rate of loading should be considered in choosing whlch strength parameters to use for design. 
Drained and undrained parameters must not be combined as such combination will resuR in significant overprediction o f  in situ shear strength. 
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S TRA TIGRA PHiCS 
PORE WATER PRESSURE DISSIPATION TEST 

CPS-EPS Field Exploration CPT-02 

-42.8fl T50=37.5 sec 

LOG TIME (sec) 
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$ TRA TIGRA PHICS 
PORE WATER PRESSURE DISSIPATION TEST 

CPS-EPS Field Exploration CPT-02 

& 

I 

'i a, 

3 
*I 

t 
B 

46.0ft extrapolated 
T513=300sec 

- - Extrapolated data 

1 .a 
LOG TIME (sec) 
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CPTU-S LOG 

PROJECT NAME CPS-EPS Fleld Exploration STRA 71GRAPHlCS R2DAfE: 7 -24.2W2 IME:0832:19 49 
PRDY ECT NUHBER.02-120.110 SOUNDING NUMBER CPT-03 
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SlRA TIGRA P HICS Evaluated Properties Using Global Da fabas e 
PROJECT NAME:CPS-EPS Field Exploration 
PROJECT NUMBER:62-120-110 
R20ATE: 7-24-2002 TIME:08:32:19.49 
SOUNDING NUMBER-CPT-03 

Cone 
@r) 

64.9 
45.0 
19.3 
20.1 
17.8 
18.3 
17.8 
21 .A 
14.7 
i 4.3 
14.2 
13.0 

8.9 
8.3 

f 0.3 
56 0 

138,l 
366.4 
J21.Q 

N o n  
Cone 

Wt) 

704 6 
68.5 

Aweraged 
Friction 

Fri ctron Ratlo 
bf) 

2.63 3.4 
2.70 4 . 9  
1.58 4.8 
1.20 5.6 

Gsnsrated 
Pors Water 

Pressure Cc 
('=Q 

-0.1 
-0.3 
0.1 
3.8 
5.6 
6.5 
5.3 
7.5 
3.5 
7.0 
5.0 
5.0 
3.5 
4.3 
3.8 
2 8 

4 . 4  
4 4 
a. 1 
-0.4 
-0.1 
-0.2 
4.4 
-0.5 
4 . 2  
-0.0 
-0.1 
0.0 
0.1 
0.3 
0.1 
0.1 
-0.G 
-0.0 
-0.0 
0.0 
0.1 

-0.0 
.a 4 
.(I 4 
4 4 
.0 4 
-0 5 
-0 5 
-0 5 
-0 7 
-0 7 
-U.7 
-0 7 

5011 

lnductrvrty Evaluabd Soil Type 
(uSlcm) 

-4 Hard, Gravelly clayey sand to gravelly sandy sin 
4 VeysttT, Sandy clay to s11I-j clay - 
-4 S l M ,  S~ltyclay to clay' 
-4 Stiff, Silty clay ta clay ' 
-4 Stifl, Siltyclay lo clay ' 
-4 Slrtl, Silty day to clay ' 
d St~ff, S~l ty  clay to clay ' 
-4 Yerysthfi, Srfly clay to :lay ' 
-4 SMi, S~ltyclay to clay 
-4 Sdff, Slltyclayto clay' 
-4 S u W ,  SIItyclay to clay ' 
-4 SDfF, S~l ty  clay to clay ' 
-d St~ff, S~l tyc lay 'to clay' 
.4 SM. S~tty clay lo clay ' 
-4 S11fl. S ~ l t y  clay to clay ' 
-4 Medlum dense. Silty sand to sandy slit 
-4 Very dense. Srlw sand to sandy silt 
4 Very dense. Grav~lly silty sand to clayeygrnvelly sand 
4 Very dense. Sandy gravel to sftty gravelly send 
-5 Very dense, Gravelly slky ~ n d  to clayey gravelly sand 
-5 Vcv dense, Gravelly s~ttysand to clayey gravelly sand 
-5 Veryd~nsc,GravellyrlI~sqndtoclayeygravellysand 
-5 Hard. Gravelly clayey rand to gravelly sandy slft 
-5  Hard. GFawelly clayey sand to gravelly sandy silt 
-5 Very dense, Sandy grave! to silty qrawlly sand 
-5 Vsry dense, Gravelly silty sand to clayey gravelly sand 
-5 Vsry dense, Gravelly sibsand to clayey gravelly sand 
5 V a v  dense, Gravelly silty snnd to clayey gmuelly rand 
.5 Hard, Gravelly clayey sand t o  gravelly sandy s ~ l t  
-5 Hard. Gravelly c:nyey sand to gravelly =ndy slll 
-5 Verydense. Gravelly slltysand to clayey gravelly sand 
-5 Verydense. Gravelly rrRy sand to clayey gravelly s a n d  
.5 Vary densa. Gravclly s~!ty sand to clayey gravelly sand 
-5 Verydense. Graelly silly sand to clayey gravellysanri 
.5 Verydense, Gravelly sllrysand to clayey gravelly sand 
-5 Very dense, Gravclly silly sand to clayey gravelly sand 
-5 Vcry dense, Gravelly 511tysand to clayey gravelly sand 
-5 Vcry deme, Gravelly slKy sand ta clayey gravelly sand 
-5 Hard. Gravelly sandy clay to grawlly arnyclay " 
S Hafd, Sandy clay to s~Ny clay " 
5 Hard. Sandy clay to silty clay ' 
-5 Ve? stlff, Sandy clay t3 silty clay ' 
-5 Very stdf. Sandy clay b slltf clay - 
-5 Very sM. Sandy clay 13 sllty clay ' 
.5 Vetystllf, Sandy sllt to sandy clay 
-5 Hard, Grawlly clayoy sand Eo gravelly sandy sib 
-5 Hard. Gmwl ly  c l a p y  sand to gravelly sandy silt 
-5 Hard, Sandy clay ts silty clay ' 
-5 Verydense. Gravelly s l lbsand to clayey grawllyswnd 

Drained 
Fflct~on 

Angle 
(deal 

2731 
37-40 
40-42 
4042 
37-41) 
3 7 4 P  
4042 

40-42 
40.42 
37-40 
37-40 

97-40 
CO-42 
40.42 
3b37 
3740 
40-42 
3740 
38-37 

36.37 

Relative 
Densiry 

I%) 

40-60 
ac.100 

+1 no 
+I00 
* 1 w  
+lW 
+I03 

BBTOO 
+l a0 
+I00 
+I 00 

+lW 
+ 1 m  
+I00 
+I00 
+'too 
.TWO 
*loo 
+3 DO 

4100 

UndraTnod 
Shear 

S t renm 
IW 

4 32 
299 
1 92 
1  59 
I 77 
181 
1  77 
2 16 
1 4a 
1 0 6  
1  84 
'I 68 
1 3 4  
1.05 
7 31 

5 80 
7,06 

8.40 
7 14 

141  
4,16 
6 43 
3.28 
2 78 
3 04 
3 48 
8 78 
7.97 
5 11 

* Indicates lightty overconsolidated soil 
" indicates heavily averconsolidated or cemented soil 

Mlxed soils containtng both granular and fine grafned particles (e.g. clayey sands) may undergo partial drained failure during CPT. 
Both undrained and drained parameters can be estimated for these soils. 

Structure rate of foading should be considered In choosing which strength parameters to use for deslgn. 
Drained and undrained parameters must not be combined as such combination will resuIt In significant overpredictIon of in situ shear strength. 

Undra~ned 
Large 
Slra~n 
Shear 

Slrengih 
(k59 

5 26 
5 39 
3 16 
2 39 
2 03 
1 85 
2 10 
1 94 
2.1 3 
1.78 
1.30 
117 
112 
0.96 
1.04 

P 54 
9.44 

12.43 
9.79 

8 24 
13 50 
5 16 
4.14 
2.28 
2.88 
4.40 
7 83 
7 64 
7 26 

SPT 
M 

37-01 
28.39 
10.14 
1 4  - 21 
11 - 15 
l t  -15 
11 - 15 
12-16 
08 - 12 
00 - 12 
05 . 08 
05 -08  
03 + 05 
03 - 05 
03-05 
D9-13 
53 - 87 

+ a9 
+ 90 
+ 91 
+ 92 
+ 93 

37 - 50 
513 - 93 

+ 85 
+ 86 
+ 96 
+ 37 
+ 98 
+ 98 
+ 99 

+ 100 
1W 

+ 101 
+ 161 
+ 101 
+ 102 
+ 102 

41 - 63 
41 .a 
31 - 4: 
21 -31 
10-16 
36 - 21 
16 - 21 

63 - 103 
53 - 104 

31 - 42 
* 105 

Page I 

NORM 
SPT 
PI') 

60-99 
40-60 
15-20 
20-30 
15-20 
15-20 
15 - 20 
15 -10  
' lo-19 
10.15 
06.10 
06-10 
04 - 06 
04 - 06 
04 + Q6 
10-15 
60 - 9B 

IOU 
+1oa 
+ l o o  
+ 1@0 
+ lW 
40.60 
00 - 99 
+ 100 
+lo0 
+ 100 
+ 1DD 
+ 100 
+ 100 
+ 100 
c 1u0 
+ laO 
+ 1W 
* 1 M  
* 103 
+ 100 
t 103 

40 - GO 
40- GO 
30-411 
20 - 30 
10-15 
15 -20  
15-20 
60.89 
60 - 99 
30 - 40 
+ loo  
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STRATIGRAPHICS Evaluated P roperlies Using Global Database 
PROJECT N AME:CPS-EPS Field Exploration 
PROJECT NUMBER:02-121)-110 
RZDATE: 7-24-2002 TIME:08:32:19.49 
SOUNDING NUM5ER:CPT-03 

Page 2 

Undrained 
Large 
Stfain 
Shear 

Strength 
v=fj 

OraInsd 
Ficticn Relative 

Angle Oensrty Nc 
(%I 

30 
25 
25 
20 
20 
20 
20 
20 
25 
25 
25 
M 
15 
15 
15 
15 
25 
15 
15 
15 
75 
15 
55 

Undrained 
Sl~ear 

Strength 
b.0 

7.69 
4.30 
2 65 
2.18 
2 $3 
2.54 
2.84 
3 42 
d.46 
2 76 
2 47  
1.g6 
i .60 
t 69 
1 72 
1 61 
4 52 
1.72 
1,32 
1.29 
j.25 
1.77 
2.18 
1-19 
2 71 

3 96 
289 
2 69 

Averaged Generated 
Norm Frietion Poro Water Sail 

Depth Cone Cone Friclion Rallo Pressure ConduGtivity 
tftl Wrl fld (Wl b'7 (USJC~] 

NORM 
SPT 
( N V  

60 - 99 
20.30 
15-20 
10-15 
10-15 
10-35 
10-15 
10-15 
20 - 30 
15-20 
15-20 
m.13 
08 - 10 
O f ; - t o  
06-10 
02 - 04 
20-30 
04 - 06 
DC - GG 
0 4  - D6 
04 * 08 
06-10 
06-10 
04 -08  
M - 1 0  
30-40 
ZD - 90 
20 - 30 
15-20 
0 6 - 1 0  
04.M 
04 - 06 
0 4 - 0 6  
04 - 06 
04 * 06 
06-10 
0 4  CG 
0 4 - a 6  
06 - 10 
10-15 
04 - 06 
08-10 
06- 10 

Evaluated Soil Type 

Hard. Graveltyctryey sand to gravelly sandy s~tt  
Hard. Sandy day to silty cloy' 
VerfsMf, 511y c[ay tc clay ' 
YerjsttK Sllv clay to clay " 
VerysMf. Silty clay to clay * 
Vcry sbff. Slltyclay to clay' 
VerystrH. Sandy clay to s~lty clay' 
VorysttK Sandy clay to silty clay ' 
Hard. Sandy slit to sandy clay 
Very scfi Sandy clay to s l lb  clay ' 
Very 5UV Slly clay foclay ' 
St#. Sblty clay to clay 
Slrff. Srlty clay to clay 
SlrA, S~lty d2.y to clay" 
st~ff, Sl ty clsy to clay' 
St~ff. Clayey srlt to s~ltyclay 
Hard Sandy sin to sandy day  
Shff. Clayey s ~ l l  to sdty clay 
Slrff Silty clay to clay ' 
Sufi S~lty clay la clay' 

S~lty clay to clay ' 
Stiff, Silty clay to clay ' 
Verystrf3. SlKy clay to clay ' 
St~lf. S~lty cPay lo clay' 
Very s11ff. Sandy clay to s~lly clay ' 
Deosc. Slty sand to sandy silt 
Very st~ff, Sandy clay to sftty clay' 
Very strff. Silty clay ta clay ' 
Very st.W Smlty cfsy to clay' 
Very n:ff, Silty clay to clay ' 
Stiff, S~lty clay to day  ' 
SlrR. S~ltyclay b clay' 
StrW, Slltyclay to clay * 
SLrfl, Silty clay to clay 
511fl. Silty clay 16 Clay 
Very shff. Sandy clay to silb clay ' 
Very st~ff. Sandy clay M sdLy clay ' 
St~ff, SllEy clay to clay ' 
SUff, Silty clay Lo clay 
Very r t~ f f .  S~l ly clay to flay ' 
StrH, S~ny clay to clay 
Strlf. Srfty clay ta clay ' 
Sb~, Skfty clay to clay' 
Very s t ~ f ,  Slltf clay to;lay * 
Stm. $~Ity clay to clay 
Strtf. S~lty clay to clay'  
SM. Silty clay to clay" 
stln, clay to clay ' 
Hard. Gravelly ~ n d y  clay to gravelly S I N  clay" 
Hard. Sandy clay to silly cla y "' 

lndlcates lightly overconsolidated soil 
*" Indicates heavily overconsoTidated or cemented soil 

Mixed soils containing both granular and fine g ra l ned  particles (kg. clayey sands) may undergo partial drained failure during C PT 
Both undrained and drained parameters can be estimated for these soils. 

Structure rate of loading should be considered h choosing which strength parameters to use for design. 
Dmined and undralned parameters must not be combined as such combination will result in significant overpredlctlon of in situ shear strenglh. 
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STRA TIGRAPHICS Evafuated Properties Using GIdba l Data base 
PROJECT NAME:CPS-EPS Field Exploration 
PROJECT NlJMBER:02-120-110 
R2DATE: 7-24-2002 TIME:08:32:19.49 
SOUNDING NUMBf R:CPT-03 

Averaged Ganemted 
Norm F i id im Pore Water 5oil 

~ e p h  Cone Cane friction Ratio Pressure Conductldty 
(t) (t5t) Ikrl (BFI (t59 {crslcm) 

5D 5 79 [r Ba 1 3.40 6 7 .5 nard, Grav~lly sandy clay to gmwlty srlry clay" 
510 1248  1228 3-28 d 2  3 2 -02 -5 Ward, G w e l l y  clayey sand lo  gravelly sandy silt 

51 5 95 3 80 8 6.53 3 0 4 3 -5 Hard Sandy srllto sandy clay 
52 0 301 9 255 3 11-64 4 1 -0 5 -5 Hard, Gravelly clayey sand to gravelly sandy clay 
52 5 306.3 258 6 12-02 3 0 -0 4 -5 Very dens#. Gravelly srtty sand lo clayey gravelly sand 

530 518.4 4360 8-21 1 S -9 3 -5 V c v  denss, Sandy gravello sib gravelly sand 
5 3 5  626 6 5272 9.4B 1 4  -0 2 -5 Very densm, Sandfgravel ta srlty gravelly sand 

Drained I 
Friction Relative 

Angle Density Nc 
(deq) (%I 

Undraind 
Shfar 

Strength 
(ksq 

4.67 
9,4d 
6.15 

18.11 

* Indicates lightly overconsolidated soil 
+* Indicates heavily overconsolidafed or cemented so31 

Mixed soils containing both granular and fine grained particles (s.g. clayey sands) may undergo partial drained failure during CPT. 
Both undrained and drained parameters can be estimated for these soils. 

Structure rate o l  loading should be considered in choosing whlch strength parameters to use for design. 
Drained and undra~ned parameters must not be combined as such combination will result in significant overprediction of in situ shear strength. 

Undnined 
Came 
Stmln 
Shear 

Strenglh 
Wsr) 

6.96 
8.58 

93.67 
3 - 2 8  

Page 3 

NORM 
SPT sm 

[N) (Nq'J 
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CPTU-S LOG 

FRtCnON RATIO CONE END 9EARIWG RESISTANCE D GENERATED PORE PRESSURE 

Lotenal S-wve Velocity 
(ws=l 

PROJECT NAME:CPS-EPS Field Exploration STRA TlGRAPHlCS R 2 D A F :  7-23-2002 nME:T7:32.39.15 
PROJECT NUMRER:IEZ-lZ(Elt0 SOUI.IO!NG NUMBER:CPT-W 
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S TRA TIGRA PHICS Evaluated Properties Using GCtrbal Database 
PROJECT NAME:CPS-EPS Field Explorat3on 
PROJECT NUMBER:O2-120-110 
RZDATE: 7-23-2002 TIME:? 73239.15 
SOUNDlNG NUMBER:CPT-04 

cone 
( t ~ f )  

Norin 
Cone 

ttsr) 

574.5 
193.8 
72.8 
51 .a 
826 

103 1 
49.6 
31.1 
29,5 
28.8 
28.8 
27.3 
34.9 
29.6 
28.9 
32 9 

Averagnd 
Ftl t t~od 

Friction Ratio 
(tsr) (W 

Generated 
Pore Water Sol I 
Prcssure Canductiuiw 
('59 (uslcm) 

0.1 9 
0.1 -5 
0.2 r5 
0.3 -5 
0.1 .5 
4.3 -5 
4.5 5 
0.1 5 
0.0 -5 

-0.1 -5 
-0.0 5 
0.5 -5 

-0 5 -5 
1.1 -5 
4.4 -5 
1.8 -5 
2 8 -5 
1.0 -5 
2.6 -5 
3.7 -5 
4.2 -5 
5.8 -5 
5.6 -5 
6.8 -5 
6.1 -5 
-0.9 -5 
-1.0 -5 
.0.6 -5 
-0 7 *5 
-0 6 -5 
-0.5 -5 
-0.5 -5 
-0.4 .S 
-0.4 -5 
d.2 -5 
0.5 -5 
0.8 -5 
1.4 -5 
4.7 -5 
4.2 5 
2 4  -5 
-0.1 -5 
-0.7 -5 
1 .o -5 
2.9 -5 
3.0 -5 
5.2 -5 
3 -8 -5 
5.5 -5 

katuatod Soll Type 

Very dense, sandy gravel to gravelly sand 
Dense, Sand lo siltysand 
Dense, Sally sand fo sendy silt 
Dense. SilW sand to sandy silt 
Dense, Silty sand to sandy srlt 
Dense, Silty sand b sandy slit 
Medium dense, S I N  Sand to sandy sllt 
Poosc. Sdty sand t3 sandy silt 
Loose. S~lty sand to sandy silt 
Looso. Srlly sand to sandy silt 
Loose. Silty sand Io sandy slit 
Loose. Silty sand to sandy silt 
Vev stii, Sandy sllt to sandy d a y  
Very st~fl. Sandy silt tosandy c loy  
Verystifl, Sandy slit to sandy day 
Very stlfl, Sandy slltto sandy day 
Medlum dense. 511v sand ta sandy sift 
VerystrW. Sandy srlt to randy day 
Very strfl. Sandy silt lo sandy clay 
Sff. S~lky clay lo clay ' 
St~fi. Sandy clay to sllwclay 
Srff. Sandy clay to srlly clay ' 
Varysttff. Sandy clay fo c~lty clay' 
Verysbff. Sandy d a y  to s ~ l b  clay* 
Loose. Srttysand to sandy sin 
Medlum dense. Sand to sr lv sand 
Vcry dcnse. Sand to slltysand 
Very dsnse. Sandy gravel to sikygavelly sand 
Oensc, Sand to stky sand 
Verv dense. SrlW sand tosandy sllt 
~ e n s e  S .+sand lo sandy SIR.  
Dense, S.lty sand ta sandy st t 
Mcoi-rn dense. S ty son4 to sendy silt 
M e a r ~ m  dmse. S N sand to sandy s I 
Vev strff. Sandy s~!t to sandy day 
Veryst~ff, Sandy silt tn sandyclay 
Verystfl .  Sandy silt to sandy clay 
Verystiff. Sandy slit to sandy clay 
Very stiff, Sandy s~t l  to sandy cfny 
Very st~ff, Sandy srlt to sandy day  
Vcry st~ff. Sandy srll to sandy c t ~ y  
Vcry sttA, Sandy s~ l t  lo sandy clay 
Very strff. Sandy s~ l t  lo sandy clay 
Very s!~fl. Sandy s i k b  sandy clay 
Very s!rfl, Sandy slit m sandy clay 
Vnry sbfl. Sandy clay to srlty chy * 
Very s2lfl. Sandy day to srlty clay 
Very strff, Sandy d a y  to silty clay 
Very fin, Sandy clay to  silty clay * 

Dntned 
Fr~ction 

Aw!e 
(degl 

'dB 
42-46 
27.31 
27-31 
374 0 
37-40 
27-31 
27-31 
27-31 
31-36 
27-31 
3136 

27-31 

2731 
42-45 
42-48 
42-46 
42-46 
40-42 
37-40 
37-40 
27-31 
273 1 

lndlcates lightly overconsolidated so11 
'* Indicates heavily werconsolidated or cemented soil 

Mixed SOILS containing both granular and fine grained particles {e.g. clayey sands) may undergo partml drained faaure durfng CPT. 
Both undralned and drained parameters can be estimated for these suits. 

Undraincd 
Shear 

Strength 
(kt) 

2 oa 
2 48 
2,44 
2 82 

2 81 
2 24 
1.71 
I .n 
2.0D 
2 21 
2.01 

2,49 
2.18 
2 31 
2 44 
2 70 
279 
2 97 
2 88 
2 79 
2 39 
2 24  
3 03 
223 
2 63 
3 24 

Undraincd 
Large 
Stra rn 
Shenr 

Strenglh 
Ckcsr) 

7.18 
1.25 
110 
1 25 

1 38 
1.18 
1.55 
1.25 
1.11 
F 08 
0 86 

1 04 
116 
1 08 
111 
1 52 
1.34 
1 42  
1 94 
1.72 
1.26 
1 25 
2 79 
1.86 
2 40 
7 36 

SPT 
IN) 

37 - 61 
26 - 39 
14 -21 
11 - 14 
n - 29 
30 - 45 
11 - 15 
05 - 08 
03 - 05 
03 - 05 
03 + 05 
03 - 05 
08- 13 
05-09 
05 - 09 
05 - 09 
05 - R9 
05 - 08 
05 - 09 
05 - 09 
06-09 
a0 -06 
04 - 0 8  
04-133 
02 - 04 
29 - 38 

+ Q6 
+ 87 

59 - 97 
39 - 59 
30-40  
30-40 
10- 15 
0 6 -  10 
04.06 
06*10 
04 - 013 
06-10 
08-10 
06-10 
06 - 70 
10-15 
04 - 70 
06-10 
46-10  
16-21 
M.10 
16-21 
11.16 

Page 1 

NORM 
SPT 

IN"l 

60 - 98 
4 0 - 6 0  
20 - 30 
15-20 
30-40 
40 - 60 
15 - 20  
06- 10 
04 - 06 
OC - 135 
04 - 06 
04 - 06 
10 - 15 
06-10 
08 - I 0  
06-10 
06 - 10 
us - 10 
W-10 
0 6 - 1 0  
& - l o  
a.06 
a4 .06 
04 - 06 
02 - 04 
30-40 
+ IW 
+ 100 

5 0 .  99 
4 0 - 5 0  
30 - 40 
'10 - 40 
10-15 
06 - 10 
on.  06 
06 - 10 
04 -06 
w.ra 
05 - 10 
c'6 - I0 
06 - 10 
10.15 
06-70 
06 - 10 
06-10  
15 -20 
w-10 
15-20 
1 0 - 1 5  

Structure rate of loading should be considered In choosing which strength parameters to use for design. 
Drained and undrained parameters must not be combined as such combination will resun in signrficant overprediction of in situ shear strength. 
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STRA XRAPHICS Evaluated Properfis Usihg Global Da tahase 
PROJECT NAME:CPS-EPS Fjsld Explotatton 
PROJECT NUMBER:O2-120-110 
R2DATE: 7-23-2002 TIME:I 73239.1 5 
SOUNDING NUMBER:CPT-O4 

Depth Cone 
[ft) (EST) 

Warm 
Cone 

(i$r] 

4 2 1  
34 0 
27 7 
26,o 
18 8 
14 3 
15 2 
16 7 
25.0 
27 8 
no 
16.7 
223 
36.6 
19.3 
20 2 
155 
27.8 
29.1 

11 5.4 
59.0 
53 0 
48 7 
24.7 
13.5 
70.4 
61.7 
30.5 
24.5 
22 6 
24.6 
20 3 
17.6 
16.4 
15.1 
22 2 
12.8 
12 9 
12.5 
13.8 
14.2 
14  2 
163  
23 9 
22 7 
44 7 
17 3 
14 4 
35 6 

276 7 

Averaged 
Fricti~n 

friction Ratio 
(tsfl I%) 

Generated 
Pore Water Soil 

Pressure Conducti* 
(bl) [uS/cm) 

Evaluated Sol1 Type 

Very $Mi. Silty clay to clay ' 
Very st~H, Sandy clay to 51ky day * 
Vev stiff. Sandy clay to s~tty day  ' 
Verysttff. Sandy clay to sltty clay ' 
Ver, strt;'. hlty clay to clay ' 
Stm, Srlty clay lo clay ' 
Stjff, Sandy clay to silty clay ' 
Ver)rstrff. Sandy srlt to clayey silt 
Loose. 5r[ty sand to sandy s ~ l t  
Loose. Slrp sand to sandy silt 
Loose. S~lty sand to sandy allt 
Vcry st~ff. Sandy sm ta clayey silt 
Loose. Salty sand to sandy silt 
Hcd~um dense. Salty sand to sandy stll 
Ve~yst~ l f .  Sandy slit to  w n d y  clay 
Very st~n. Sandy clay lo silty clay ' 
mff. Clayey rrlt La srlV clay 
Veryd~H. Sandy 5111 lo  sandy clay 
Lwse. S L I ~  $and tb sandy slit 
Dense. S~tly sand to sandy silt 
Medlum dense. S!lty sand t o  sandy s!H 
Dense, S1lp3and to mndy slit 
Med~um dense SllV sandto sandy uilt 
Loose, S~ltysand lo sandy rrll 
Sltf. Sandy siltlo clayey silt 
Medlum dense Sand lo silty rand 
Med~um dense. Silty sand to sandy silt 
Very stlA, Sandy silt ta sandy clay 
Very st~ff,  Sandy slit t o  sandy clay 
Very stlK, sandy cloy lo  s~ltyclay ' 
Very sbK, Sandy clay to sllty clay ' 
Very dfF. Sanlly clay to sdlWclay ' 
Vcry 6t.A. Sardy clay to 611Fyclay ' 
Veryst~ff. Clayey $111 lo srliy clay 
Std:, Clayey snit to  silty clay 
Very strA. Sandy clay to s~ltyclay ' 
Stlff, Claysy stlt to slltyclay 
Stiff, Sjltycjay to clay ' 
Sr~f?~ Sandy clay to sllty day 
511ff, Sandy clay to srl?clay 
St~ff. Srltyclay to clay 
Stdf, Sandy s~lt tb clayey srH 
Yerfstrff, Sandy clay to sllbyclay ' 
VerystlE. Sandy slit to sandy clay 
Lmse, S~tty sand to sandy s:lt 
Meduum dense Srlly sand to sandy silt 
Very st~ff Sandy srlt to clayey sllt 
511ff. Sandy s ~ l t  tcl claycy sllt 
Loose. Sand b sHty sand 
Dense, Sand Lo rttty sand 

Dratned 
Friction 

Angle 
(den) 

27-31 
27-31 
27-31 

27-31 
27-31 

27-31 
37-40 
36-37 
27-31 
36-37 
27.31 

3740 
38-37 

33-35 
27-31 

3637 
42-46 

Relative 
Density 

C%) 

20-40 
23-60 
2 0 4 0  

2 0 4 0  
40.60 

2 0 4 0  
80-80 
40.60 
60-60 
40-60 
20-40 

40.80 
40-60 

2 0 4 0  
40-60 

2040 
6040 

Undrained 
Ghcar 

Strength 
('=O 
3.43 
2,75 
2.71 
2.92 
2.45 
1.81 
1.95 
2 16 

2.16 

2.54 
2.68 
1.B9 
2.85 

1.71 

3.18 
2.52 
2.31 
2.54 
2.74 

. 2.33 
2.15 
1 .S6 
2.28 
3 .G1 
3.03 
1-56 
1.78 
1.82 
1.82 
2.15 
2.d9 

2.30 
1.85 

Indicates lightly nverconsolidated soil 
" Indicates heavily overconsolidated or cemented soil 

Mixed soils containing both granular and fine grained particles (e.g, clayey sands) may undergo partial drained failure during CPT. 
Both undrained and drained parameters can be eslirnated for these soils. 

Structure rate of loading should be considered in choosing which strength parameters to use for design. 
Drained and undralned parameters must not be combTned as such combination will result In significant overprediction of in situ shear strength. 

Jndrained 
Large 
Strain 
Shear NORM 

Strength SPT SPT 
(ksfJ U.4 IN 1 '1 

Page 2 
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Depth 
(R) 

STRATIGRAPHICS Eva lua fed Properties Using Global Database 
PROJECT NAME:CPS-EPS Field Exploration 
PROJECT NUMBER:02-120-110 
RZDATE: 7-23-2M32 TIME1 7:32:39.15 
S0UNDiNQNUMBER:CPT-04 

Cone 
(a 

Averaged Gonerated 
Flittion Pore Water 

Ratio Pressure 
% [tsfl 

11.4 $1.8 
1.5 -0.6 
1.6 -0.3 
0.B 4.2 
1.6 -0.2 
2.4 -0.4 
2.6 -0.4 
2.2 -0.3 
3.2 4.4 
2.6 -0.4 
3.0 -0 4 
2.3 4 .6  

Soil 
Conductivity 

(uucm) 
Evaluated Sail Type 

Dense, Sandy grwel to gravelly sand 
Verydsnse. Sand to si!ty sand 
Very dm*. Sandy gravel ta silty gravelly sand 
Verydense. Sand b sl!ty sand 
Dense. Sand to stlty sand 
Verydenso, Gravelly s~lty sand to clayey gravelly sand 
Verydense, Granslly silty sand to clayey gravelly sand 
Very dense, Grawlly silty sand ta clayey gravelly sand 
V e w  de11se. Gravellv silly sand to clsvev cravellv sand 

-5 ~ e & d e n s e .  ~tavell$ail& snnd to cl i*  gravelly sand 
-5 Vervdense Gravellv srltv sand W clavev rrravellv sand 
-5 ~ e j d c n s o ,  ~ r a w l l y  sblty sand to clayey gravelly sand 
-5 Verydence. Gravelly srlty sand to clayey gravelly sand 
-5 Verydwnre. Gravelly srky sand to clayey gravelly sand 
-5 Verydense. Grorelly 5tky sandto clayey gravelly sand 
5 Very dense, Srlty sand to sandy silt 
5 Verydensc, Sand to rity sand 
-5 Verydense, Sand to si:tysand 
-5 Very dcnsu, Sand lo s1.V sand 
5 Very dense, Sand to 5r;ly sand 
-5 Very dense. Sandy gravel to silly gravelly sand 
4 Dense, Sand fo  s~lty sand 
-5 Oense. Sand to sllPfsand 
-5 Verydenss. Sl!ty sand l o  sandy silt 
-5 Dense, S~ l t ywnd  to sandy silt 
-5 Dense. S~lty ssnb ta sandy si l l  
-5 Dense. Sllty sand ta sandy slit 
5 Very dmnse, Silty sand to sandy silt 
-5 Mcdium dense. S~Qsand to sandy silt 
-5 Dense, S~ltf sand to sandy stlt 
-5 Very dense, Sand to srltysand 
-5 Vcry dense, Gravelly srlty sand to clayey gravelly sand 
-5 Very dense. Silty sand to sandystlt 
5 Very dense. Gravnlly s~l ty sand W clayey gravelly sand 
5 Dense. S~ l l y  sand to sandys~lt 
-5 Cense, S~llysand to sandysilt 
S Loose, Srtty sand to sandy 64 It 
-5 Medurn denre. Ssnd to silty a n d  
-5 Dense. Sand to silly sand 
-5 Dense. Sand to siltysand 
-5 Medrum dense, Slltysand to sandy silt 
-5 Medrum dons@, Slltysand to sandy silt 
5 Medrum dense, Silty sand to sandy sift 
-5 Dense, Silp sand to sandy silt 
-5 Hard. Gravelly clayey sand to gravelly sandy silt 
5 Hard, Gravelly clayey sand to gravelly sandy silt 
5 Hard. Gravelly sandy clay to gravelly slky clay " 
-5 Hard. Gravelly sandy clay to gravelly sllty clay " 
.5 Hard, Grauelly sandy clay to gravelly siltyclay '. 
-5 Hard, Grawlly clayey sand to gravolly sandy silt 

Indicates lightly overconsolidated soil 
"* l nd l ca tes  heavily overconsolidated or cemented soil 

Mixed soils containing both granular and fine grain& particles {e g. clayey sands) may undergo partial drained farlure during CPT. 
Both undmined and drained parameters can be estimated for these so~ls. 

Structure rate of hading should be considered in choosing Mjch strength parameters to use for design. 
Dralned and undrained parameters must not be combined as such comb lna t i on  wtl! result in significant overpredict~on of in situ shear strength. 

Page 3 

Large 
Drained Undrainad Smifi 
Friction Rtlatke Shear Shear NORM 

Angle Density Nc Strength Strength SPT SPT 
idea) (%) (hrl CW (N 1') 
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STRAT/GRAPHICS Evaluated Properties Using Ghbal Database 
PROJECT NAME:CPS-EPS Field Exploration 
PROJECT NVM0ER:M-120-710 
R2DATE: 7-23-2002 TIME'i7:32.39.15 
SOUNDING NUM0ER:CPT-04 

Avoraged Genwatad 
Norm Fricbon Pore Water Soil 

Ospttr Cona Cone Fridon R a m  Pressure Cond uctrvlty 
[ff) (rn It59 (trt) (%I PSf) [w Slcm) 

Evaluated Soil Type 

75 5 156.1 1222 7 34 4.2 F 1 -5 Hard, Grawlly sandy clay to gravelly srilyclay " 
71 0 169 1. 147.8 011  3 4 7.3 -5 Hard. GraveUy clayey sand to gravelly sandy SIR 
70.5 3568 2473 1 O . N  3.6 1.5 -5 Hard. Gravelly clayey s n d  b gravelly sandy sltt 

Wndradntd 
Large 

DrshneU Undrained Slra~n 
Frrction Relatho Shear Shear NORM 

Angle Densky Flc Wrcogth h n g t h  S PT SPT 
(deg) [sb) (hfl Wf) (NJ W'l 

* Indicates lightly overcofisolldated sofl 
'* Indicates heavily overconsolidated or cernehted soil 

Mixed soils cohtalning both granular and fine gralned particles (e.g. clayey sands) may undergo partial drained failure during CPT 
Both undrained and drained parameters can be estimated for these soils. 

Structure rate of [oading should be considered in choosing which strength parameters to use fo r  design. 
Drained and undrained paramelers must not be combined as such cornbinatton will resuft in significant overprediction of in situ shear strength, 
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A1.0 EVALUATION OF GEOTECHNICAL PARAMETERS A1
A1.1  Soil Behavior Types A1
A1.2  Relative Density A1
A1.3  Static Drained Strength A1
A1.4  Static Undrained Strength A1
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A2.0 OVERBURDEN PRESSURE NORMALIZATION A3
A3.0 TEST DRAINAGE CONDITIONS A3
A4.0 RECOMMENDED PRACTICES A3

1.0 EVALUATION OF GEOTECHNICAL PARAMETERS
CPT data have been correlated with soil type, drained friction angle, undrained shear strength, relative density,
and equivalent SPT blowcounts, among others.  Correlations have been developed by comparing CPT results to
laboratory tests on drilled samples and to other in situ tests, such as vane and pressuremeter.  Laboratory CPT
testing on large scale samples of known composition and classical bearing capacity and cavity expansion theory
have also been used.  Site specific information, where available, can be used to fine tune correlations.

A two parameter correlation scheme has proved useful for CPT data evaluation.  Geotechnical properties
often exhibit well defined trends when plotted against the logarithm of the CPT cone end bearing resistance and
friction ratio.  For instance, increased grain size increases cone end bearing resistance, while increased plasticity
and compressibility increase friction ratio.  A  chart illustrating these and other trends is presented in Figure A2.  A
discussion of CPT data evaluation is presented in Douglas and Olsen, 1981.
A1.1 CPT Soil Behavior Types  CPT soil behavior type correlations (Figure A3) have been developed from
geotechnical theory and comparisons of borehole data with CPT data (Douglas and Olsen, 1981).  The CPT soil
type tabulations are indicative of the response of the soil to the large shear deformations imposed on the soil
during penetrometer advance.  Soil shear response is not entirely controlled by grain size distribution.  However, it
has been found that CPT soil types generally agree with classifications based on soil grain size distribution
methods such as the Unified Soil Classification System (USCS).  
A1.2 CPT Relative Density  Relative densities of granular soils are correlated with CPT data (Figure A4) on the
basis of laboratory CPT on large scale samples of known composition (Schmertmann, 1978, and Villet and
Mitchell, 1981).  The effect of soil fines content has been empirically accounted for by extrapolating trends in the
two parameter correlation model (Douglas and Strutynsky, 1984).  
A1.3 CPT Drained Static Strength  Drained friction angles have been correlated with CPT data (Figure A4) on the
basis of CPT soundings and laboratory tests on drilled samples, and on theoretical analyses of the cone end
bearing capacity problem (Schmertmann, 1978, Durgunoglu and Mitchell, 1974, and Villet and Mitchell, 1981).
The effect of soil fines content on friction angles has been accounted for by extrapolating trends in the two
parameter correlation model, as was done for the relative density correlation. 
A1.4 CPT Undrained Static Strength The correlation between CPT data and undrained shear strength has been
extensively studied (Douglas and others, 1984, Lunne and others, 1976, Sanglerat, 1972, and Schmertmann,
1978).  The following bearing capacity equation can be used for computing undrained shear strength from CPT
data: qu = (Su * Nc) + Sv (Eq. A1); where: qu = ultimate bearing capacity; Su = undrained shear strength; Nc = a
dimensionless bearing capacity factor; and Sv = the estimated total vertical stress. By setting qu equal to the cone
end bearing resistance, qc, and rearranging the equation, a value of the undrained shear strength can be
computed as: Su = (qc - Sv) / Nk (Nk is equivalent to Nc in Eq. A1) (Eq. A2). 

The primary difficulty in using this equation has been the selection of Nk applicable to cone penetration in
a particular soil.  Bearing capacity and cavity expansion theory and other in situ and laboratory test results
performed adjacent to CPT soundings have been used to calculate Nk values.  These Nk values have ranged
from 5 to over 25, but are most often between about 12 and 20.  Higher Nk values are typically associated with
overconsolidated clays and lower plasticity clays and clayey silts.

A compilation of Nk values as a function of cone end bearing resistance and friction ratio is presented in
Figure A5.  This figure was developed from comparisons of CPT to results of laboratory consolidated-undrained
(CU) strength tests.  This is important to note as undrained shear strength is not a unique property of a soil - it is
test type and stress path dependent.

Many design methodologies are based on a particular strength test on a particular type of sample.  These
semi-empirical design methods are successfully used by experienced designers.  Engineering judgment must be
applied in using the results of any type of testing to assure both adequate safety and design economy.
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High Strain, Remolded Strength  Another measure of the in situ undrained shear strength is provided by the CPT
friction sleeve resistance.  The friction sleeve interacts with soil that has already undergone bearing capacity
failure induced by the tip of the penetrometer.  Thus, the friction sleeve resistance is a measure of soil large strain,
remolded strength.  The ratio between strengths calculated from the cone end bearing and from the friction sleeve
is indicative of soil sensitivity.

In moderately to highly overconsolidated, non-sensitive clays, friction sleeve resistances can indicate
higher strengths than those calculated using the cone end bearing resistance.  This often reflects the dilative
(strain hardening) nature of shear failure in overconsolidated soils.  Engineering judgment must be applied in
deciding which strain level, and thus which strength, is representative for the design problem to be solved.
A1.5 Evaluation of Soil Stress History The results of penetrometer testing can often be evaluated for indication of
clay soil stress history or pre-consolidation pressure.  Several methods are available for this evaluation.  The first
method consists of computing a normally consolidated cone end bearing resistance profile, based on estimated
soil unit weights, water table information, cohesion at the ground surface, and an assumed c/p ratio and cone
factor Nk for the clay strata in question. This normally consolidated profile is then compared to the measured
profile, and differences between the two can be assumed to be due to past stress history events (Schmertmann,
1977).  A back calculation is then performed on the difference, using the assumed c/p ratio and Nk, and a
pre-consolidation pressure is calculated.  OCR’s can then be calculated based on estimated existing stress
conditions. SHANSEP procedures used during triaxial testing of clay soils may be useful in this method, especially
for definition of c/p ratios. 

Other methods for estimating stress history from CPT data are summarized in Mayne (1991 and 1993).
These include approaches based on cavity expansion theory and critical state soil mechanics or on empirical
methods based on data sets, primarily from sites in offshore oil fields.  Results from each method should be
compared, and engineering judgment should be used to decide which method gives the most appropriate result
for the design at hand.
A1.6 Equivalent SPT Blowcount N-Values  An equivalent SPT blowcount can be correlated with CPT data by
using an analytical model of the SPT procedure (Douglas and Olsen, 1981).  This procedure has been checked by
comparison to SPT results at various sites throughout the world (Douglas and others, 1981, Douglas and
Strutynsky, 1984, and Olsen and Farr, 1986) with generally good results.

The particular SPT equipment used to develop the CPT-SPT correlation chart (Figure A6) consisted of a
SPT trip hammer system.  This SPT hammer is characterized by reasonably repeatable, measured hammer input
energy efficiencies of about 60 to 70% (Douglas and Strutynsky, 1984).  This hammer input energy level is similar
to that recommended (Seed and others, 1984) as the "standard" Standard Penetration Test input energy.  SPT
results are both equipment and operator dependent.  SPT hammer efficiencies have been measured to range
from 35 to over 90% of the theoretical 4200 in-lbs (30 inch fall, 140 lbs hammer) SPT input energy.  Variable SPT
input energy results in variable blowcounts (Douglas and Strutynsky, 1984, Seed and others, 1984).  Non-uniform
SPT input energy is a limitation for use of SPT for quantitative design purposes. 

The approach of using the extensive SPT data base by  performing CPT and then deriving equivalent SPT
blowcount N-values, can result in better site characterization.  This is because CPT is continuous, has higher
resolution, is less expensive, and is much more consistent and repeatable than SPT. The chart that was used for
correlating CPT to SPT for this study is presented in Figure A6.  After determining the overburden normalized
equivalent SPT N'-value, the equivalent SPT blowcount N-value was calculated by dividing the overburden
normalized value by the overburden normalization factor CN, as defined in Eq. A3.  

The equivalent SPT N-values reflect the higher resolution of the CPT measurements as compared to
actual SPT.  Performance of actual SPT includes averaging of soil resistance over about a 24 inch interval (18
inch sampler embedment and 2 to 3 sampler diameters ahead of the sampler). Equivalent SPT values have a
resolution of about six inches.  Rather than coarsen the 6 inch resolution equivalent SPT N-value to fit a 24 inch
resolution actual SPT N-value, equivalent values are based on point by point CPT data.  These high resolution,
equivalent SPT values should be more useful for design purposes, especially in interlayered deposits, where thin,
weak soil seams cannot be adequately characterized by actual SPT blowcount methods.  The high resolution
equivalent SPT values and actual SPT measurements should be similar in thick homogeneous strata.

Discrepancies between CPT equivalent SPT N-values and actual, measured SPT N-values are often due
to inconsistencies in the performance of actual SPT.  Poor fit of CPT equivalent and actual SPT in weak soils with
very low blowcounts (0 to 3) can be due to limited accuracy of high capacity CPT loadcells used at the extreme
low end of their range, but are more likely caused by extensive borehole disturbance in easily disturbed soil, and
set of the SPT sampler under the self-weight of the hammer and drillrods.  Discrepancies between equivalent and
actual SPT values in very dense or hard soils with high blowcounts, especially in gravelly soils, can be due to both
erratic penetrometer or SPT sampler interaction with large soil particles, and basic differences in modes of
penetration of the two techniques. Indications of weak soils, using any method, should strongly encourage
additional testing, including undisturbed sampling and sophisticated laboratory testing.                               
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A2.0 OVERBURDEN PRESSURE NORMALIZATION
Overburden normalization of CPT data for correlation purposes is necessary in order to remove the effects of
increasing overburden pressure with depth on measured results.  Cone tip resistances can be normalized to an
effective vertical overburden pressure of 1 TSF by using the following equations: qc1 = qc * CN (Eq. A3); and CN  
= 1.0 - 0.5 * log (Sv') (Eq. A4); where: qc1 is the overburden normalized cone tip resistance, in TSF; qc is the
measured cone tip resistance, in TSF; CN is the overburden normalization factor; and Sv' is the effective vertical
overburden stress in TSF.  

Overburden normalization curves are variable (Douglas and Martin, 1980) and were developed using
laboratory CPT and SPT on large samples of clean sands.  Application of these laboratory results to natural soils
may be limited.  The CN presented in Equation A4 is similar to that proposed (Seed and others, 1977) for the
effect of overburden on SPT blowcounts.

The friction ratio is not normalized based on the assumption that overburden pressure affects friction
sleeve and cone tip resistance similarly.  Since the quantities are divided by each other to compute friction ratio,
overburden effects should cancel.  Some experience (Olsen and Farr, 1986) indicates that this assumption may
oversimplify actual conditions for deep soundings.  The friction resistance may be less sensitive to overburden
pressure than the cone tip resistance.  Thus, in soundings deeper than about 100 ft, the friction ratio may
gradually decrease with increased penetration, independent of any changes in soil conditions, other than
overburden pressure.  Due to the variability in overburden normalization curves, no specific correction for
overburden pressure on friction ratio has been recommended or used for this study.  For this study, effective
stresses in Equation A4 were computed using assumed water tables and soil unit weights.

A3.0 TEST DRAINAGE CONDITION
The CPT loading rate is such that drained and undrained conditions exist during testing of sands and clays,
respectively.  Partial drainage may occur in mixed (granular and fine grained) soils. CPTU piezometric data
indicate that minor differences in cone tip and friction ratio response can correspond with major changes in pore
water pressure response (Douglas and others, 1985).  The complex volumetric strain field around the
penetrometer (Davidson and Boghrat, 1983) precludes reliable geotechnical effective stress analysis of CPTU
results in partially drained soil.

Empirical estimates of either drained or undrained parameters can be made in mixed soils.  These
parameters must not be combined and must be used alternatively.  Combination of drained and undrained
parameters will result in significant overestimation of in situ shear strength. Structure rate of loading will help
determine whether drained or undrained parameters should be appropriate for design use.  Depending on project
needs and site conditions, geotechnical laboratory testing including consolidation and CU tests with pore pressure
measurements will also be useful in assigning appropriate design parameters.  Field instrumentation during
construction using low volume change piezometers may be appropriate for some projects.

A4.0 RECOMMENDED PRACTICES
The STRATIGRAPHICS data evaluation program uses a series of global correlation charts, Figures A2 through
A6.  Parameters are computer evaluated and tabulated at discrete intervals. Stratigraphic units should be defined
on the basis of the continuous sounding logs and project requirements.  The correlations are then used in
evaluation of layer properties.  Use of the tabulations without the review of the CPT sounding logs can lead to the
choice of non-representative parameters, especially in interlayered deposits.  It should be noted that taking
discontinuous borehole soil samples also often provides a poor representation of subsurface conditions.

CPT correlations have been developed using empiricism.  The data base is world-wide and includes
decades of CPT experience.  However, local conditions may differ from those in the global data base. Thus, the
evaluated parameters should be viewed as indicating trends rather than as the exact equivalent of specific
laboratory tests performed under boundary and drainage controlled conditions. The derived parameters are not
intended to replace appropriate drilling and undisturbed sampling, other in situ and laboratory testing, and use of
engineering judgment.

Review of CPT results and project requirements is used to define the need for additional information.
Zones delineated by CPT (or, in fact, any other test) providing low factors of safety should be further explored.  For
example, high quality undisturbed sampling followed by geotechnical triaxial and consolidation testing may be
indicated for low strength cohesive or partially drained mixed soil strata.  Monitoring wells may be installed or
groundwater samples taken in high hydraulic conductivity strata during geo-environmental exploration.  Non-CPT
test results can often be extrapolated across the site based on CPT evaluated stratigraphy.
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APPENDIX B
from Baligh, M.M. and J. Levadoux, "Pore Pressure Dissipation After Cone Penetration," Department of
Civil Engineering, Massachusetts Institute of Technology, Cambridge, Massachusetts, 1980.

6.2.4 Evaluation of ch (probe)
At a given degree of consolidation, the predicted horizontal coefficient of consolidation ch (probe) is obtained from
the expression: ch (probe)  = R2T/t                                   (6.2)
where R is the radius of the cone shaft, t is the measured time to reach this degree of consolidation; and T is the
time factor.  Table 5.1 provides values of T for different probe types at various degrees of consolidation.

An analytical method {equivalent to the graphical method described in Section 6.2.3} to check the validity
of the prediction method consists of determining ch at different dissipation stages, i.e., different u.  Large
differences between ch at various degrees of consolidation indicate an inadequate initial distribution of excess pore
pressure or significant coupling, or creep behavior.

The estimated values of ch (probe) at 50% dissipation can be used in foundation problems involving
horizontal water flow due to unloading or reloading of clays above the maximum past pressure.  For problems
involving vertical water flow in the overconsolidated range, the vertical coefficient of consolidation, cv(probe), can
be estimated from the expression: cv (probe) = (kv/kh) ch (probe)                    (6.3)
where kv and kh are the vertical and horizontal coefficients of permeability, respectively.  Reliable estimates of the
in situ anisotropy of clays as expressed by the ratio kh/kv is difficult to determine in the laboratory because of the
effects of sample size, sample disturbance, ... etc. and is the subject of controversy (Rowe, 1972; Casagrande and
Poulos, 1969).  In situ tests to determine kh/kv are almost nonexistent.  Table 6.2 provides rough estimates of kh/kv

for different clays.

6.2.5 Prediction of kh (probe)
Approximate estimates of the horizontal coefficient of permeability, kh (probe), can be obtained from the
expression: kh (probe) = (gw/2.3svo) * RR(probe) * ch (probe)     (6.4)
where svo is the initial vertical effective stress (kg/cm2); gw is the unit weight of water (=10-3 kg/cm3); and RR(probe)
is the recompression ratio during early stages of consolidation (50% dissipation, say). Results in both the upper
and lower Boston Blue Clays indicate that: the average RR(probe) =10-2 (6.5)
and generally 0.5 * 10-2 < RR(probe) < 2 * 10-2 (6.6)

6.2.6 Prediction of cv(NC)
For foundation clays consolidated in the normally consolidated range, estimates of the coefficients of consolidation
can be obtained from ch (probe) by means of the expressions:

ch(NC) =  (RR(probe)/CR) * ch (probe) (6.7)
for horizontal water flow, and cv(NC) = (RR(probe)/CR) * (kv/kh) * ch(probe) (6.8)
for vertical water flow.

The compression of ratio CR is the average slope of the strain vs. log effective stress plot in the
appropriate effective stress range expected during consolidation of the foundation clay.  Values of CR should be
obtained from good quality samples carefully tested in the laboratory.  Table 6.2 provides rough estimates of CR
based on empirical correlation with index properties of various clays.

Table 6.2 Empirical Correlation and Typical Properties of Clays
1. Compression Ratio CR (from Ladd, 1973)

CR = Cc/1+eo = slope of the strain vs. log stress curve
eo = initial void ratio
cc = virgin compression index = slope of e vs. log stress
wL = liquid limit
wN = natural water content
cc  = 0.009 (wL% - 10%)  Terzaghi and Peck (1967)
Cc = 0.54 (eo - 0.35)  Nishida (1958)
Cc = 0.01 to 0.15 (wN%) MPMR (1958)
Cc = 0.6 (eo - 1) for eo < 6
Cc  = 0.85 (eo - 2) for 6 < eo  <14 Kapp, (1966)       

2. Anisotropic Permeability of Clays (from Ladd, 1976)
Nature of Clay     kh/kv

1. No evidence of layering 1.2 +- 0.2
2. Slight layering, e.g., sedimentary clays with occasional silt dustings to random lenses 2 to 5
3. Varved clays in northeastern U.S. 10 +/-5
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